Bread wheat (Triticum aestivum L.) is staple of Pakistani people. However, its yield at farmer field is low as compared with its genetic potential. Integration of various crop and soil management strategies might be an option to enhance wheat productivity at farmer field. This 2-year experiment was conducted to check the influence of combine application of natural plant water extracts and biochar on the productvity of wheat during the winter season of 2015-16. The experiment consisted of seven treatment viz. (1) control (2) application of biochar (0.18 kg pot -1 ) alone, (3) application of sorghum water extract (SWE) alone, (4) application of moringa water extract (MWE) alone, (5) application of biochar + SWE, (6) application of biochar + MWE, (7) application of biochar + SWE+MWE. The results revealed that application of both crop water extracts in combination with biochar improved the growth and grain yield of wheat. Use of MWE in combination with biochar enhanced the grain weight, grain number and grain yield of wheat by 44, 14, and 24%, respectively than the control treatment. In crux, use of MWE in combination with biochar might be a viable option to improve the productvity of bread wheat.
Introduction
Wheat (Triticum aestivum L.) is staple of multiple human communities in the world including Pakistan. In Pakistan, wheat is cultivated on an area of ~9.3 million hectares with total production of ~25.5 million tons. Wheat contributes 9.9 % in value added in agriculture and 2.0 % in national GDP. However, the yield of wheat at farmer field is low (2.8 t ha -1 ) as compared to its breeding potential [24] in Pakistan and rest of the world. Numerous factors retard the wheat productvity across globe including Pakistan. Among these, weeds and low soil fertility status (especially very low soil organic matter) are the principle factors responsible for low wheat productvity in the country. Indeed, the climate of most areas of Pakistan is semi-arid subtropical which causes the rapid depletion of soil organic matter due to high prevailing temperature, thus reducing the soil productvity through limiting the nutrient availability to the crops especially wheat. In this scenario, use of soil amendments possessing the carbon in stable form might be a pragmatic option to improve the soil fertility status of Pakistani soils. Recently, use of biochar has been thought to be a significant carbon sink for agricultural soils owing to the presence of highly stabilized carbon [1, 2, 3] which may retain in the soil for several decades [3] . Studies have reported that the use of biochar as a soil amendment may improve the efficiency of applied nutrients [4, 5, 1, 3] . Indeed, biochar application improves soil ash contents thus increasing the soil pH and cation exchange capacity which improves the nutrient availability [1, 5, 6] . Several studies have reported that biochar application improved the crop growth [7, 8, 9, 10, 11] under optimal and sub optimal conditions. Today, the phenomenon of use of allelopathy in crop production is also getting the attention of the scientists and crop grower's. Alleloapthy is direct or indirect inhibiting or promoting effect of the one plant/microbe species on the neighboring plants/microbe species through release of certain chemicals known as allelochemicals [12] . These allelochemicals can be artificially extracted from all plant parts and have been reported to improve the crop growth under optimal and sub-optimal conditions when applied at low concentration [13, 14] . In recent experiments [14] several folds increase in bread wheat yield has been reported due to the use of artificially prepared natural moringa, sorghum and brassica water extracts, at low concentration, at the farmer field in Punjab, Pakistan. Indeed, the natural water extracts possesses the phenolics, alkaloids, flavonoids, phenolics, momilactone, terpenoids, brassinosteroids, salicylates, jasmonates, glucosinolates, amino acids, [15, 14, 16] , growth regulators, essential plant minerals [17, 18, 19, 14, 20] , which improve plant growth when used at low concentration. Although, the role of biochar [3] and natural plant extracts [21] in improving plant growth under optimal and sub-optimal conditions is well known, no study has been conducted to check the influence of combine application of biochar and natural water extracts for improving bread wheat productvity. Thus, this study was conducted to evaluate the influence of combine application of biochar and natural water extracts on the productvity of bread wheat.
Materials and methods

Site, Soil and Climate
This study was conducted at Wire House, College of Agriculture, Bahauddin Zakariya University, Bahadur Sub-Campus Layyah, Pakistan during the winter season of 2015-2016. The experiment soil was silty loam having pH of 7.1.The climate of the study area is semi-arid sub-tropical. Seed of wheat cultivar Galaxy-2013 were used as tested wheat cultivar.
Experimental treatments
The experiment was laid out in completely randomized design (CRD), replicated three times. The experiment consisted of seven treatment viz. (1) control (2) application of biochar alone (0.18 kg pot -1 ), (3) application of sorghum water extract alone, (4) application of moringa water extract alone, (5) application of biochar + sorghum water extract, (6) application of biochar + moringa leaf extract, (7) application of biochar + sorghum and moringa water extract.
Crop husbandry
The crop was sown on November 6 and 8, in 2015 and 2016 respectively in earthen pots (each having 5 kg soils). Firstly, 10 wheat seeds were gently sown in each pot, which were thinned to 4 seeds per pot after uniform emergence. Fertilizer was applied at 0.33 g N and 0.48 g P per pot, on the basis of soil analysis report, using diammonium phosphate (46% N, 18% P) and urea (46% N) as sources of N and P. Whole of the P & N was applied as starter dose at sowing. Pots were irrigated at each alternate days to maintain crop growth favorable soil moisture.
Data recording and statistical analysis
The spike bearing tillers (productive tillers) were observed from each pot after manual counting and average was worked out. Leaf area was recorded from the standing plants by measuring the leaf length and leaf width. The height of 4 plants was measured from each pot by using the meter rod; which was averaged later on. From each pot, four plants were taken and number of spikelets of each spike were counted and their average was worked out. Grains from each spike were threshed and counted separately to workout grains per spike. 1000-grains, separated from straw were counted from each pot and were weighed on an electric balance to record the 1000-grain weight. The chlorophyll content index was recorded by using the chlorophyll meter (CLOI Chlorophyll mete and manufacture by Opti-science campany). The harvested plants were tied up, sundried and the biological yield (total biomass) was estimated by putting the dry plant samples harvested from each pot on an electric balance. After recording data on biological yield, the wheat samples were threshed manually to separate the seeds from starw. The harvest index was estimated as the ration of seed yield to total wheat biomass and was expressed in percentage. The collected data on morphological and yield parameters was analyzed statistically by using "Statistix 8.1" software followed by the separation of treatment means by Least significantly difference test at 5% [22] . The year effect was non-significant so the data for all parameters was averaged and has been presented as mean of two years.
Results
This study indicated that the highest productive tillers were recorded when moringa water extract was used in combination with biochar. Sole application of moringa and sorghum water extract in combination with biochar and sole application of biochar without any natural water extract application was equally effective for improvement in leaf area. Application of biochar and natural water extracts alone, or in various combination have no significant effect on the chlorophyll content index and final plant height of wheat. The highest spikelets per spike and grain per spike were recorded with the foliage applied moringa water extract in combination with biochar and that was statistically similar with combined use of moringa and sorghum water extract along with biochar for spikelets per spike, and with the sole application of moringa water extract for grains per spike. Sole application of biochar or its combination with moringa water extract was most effective for improvement in 1000-grain weight. The biological yield was the maximum when biochar was applied in combination with water extract of moringa which was followed by individual moringa water extract application or biochar application in combination with water extracts of sorghum and moringa. The highest grain yield was recorded with the application of moringa water extract along with biochar. Use of biochar and natural water extracts have no significant on harvest index of wheat; nonetheless it was the highest with application of moringa water extract in combination with biochar. Use of moringa water extract in combination with biochar enhanced the leaf area, grains per spike, 1000-grain weight, biological yield and grain yield of wheat by 36, 44, 14, 16 and 24%, respectively than the control treatment ( T1= control (no biochar and natural water extract application); T2= application of biochar (0.18 kg pot -1 ); T3= application of sorghum water extract; T4= application of moringa water extract; T5= application of biochar + sorghum water extract; T6= application of biochar + moringa water extract; T7= application of biochar + moringa and sorghum water extracts; PT= productive tiller; LA= leaf area; PH= plant height; CCI= chlorophyll content index; SPS= spikelets per spike; GPS= grains per spike; TGW= 1000-grain weight; BY= biological yield; GY= grain yield; HI= harvest index; ns= non-significant
Discussion
This study indicated that leaf area was improved by the application of natural water extracts and biochar either applied alone or various combinations. Combine application of moringa water extract and biochar was the most effective treatment than the other treatments. Indeed, biochar application has the ability to improve the crop productvity owing to the presence of highly stabilized carbon (Hussain et al. 2017) , which improves the availability of applied nutrients [1, 3] , thus improving the crop performance as was observed in this study. Several studies have reported that biochar application improved the crop growth [9, 10, 11] , under optimal and sub optimal conditions. On the other hand, application of moringa water extract was most beneficial. Indeed, moringa water extracts consist of growth regulators (e.g. zeatin), phenolics, antioxidants and other multiple nutrients (e.g. calcium, iron and zeatin) [20, 16] , which may positively influence the crop growth when applied at low concentration. Earlier, Fuglie [17] reported that the leaf extracts of moringa increases the growth of young plants, improves the leaf area and finally the yield, and the same was observed in this study. Thus, when both the biochar and moringa water extract were applied in combination, their positive influence on wheat growth was enhanced several folds. More leaf area due to combine application of moringa water extract and biochar resulted in the provisions of more leaf surface area to harvest the photosynthetically active radiation which ultimately improved the crop growth which was visible through better final height and more number of productive tillers in this treatment. This improvement in growth parameters lead towards better source to sink relationship and the better grain partitioning which resulted in highest grain weight and grain number. Thus the improved grain yield due to moringa water extract and biochar was due to better growth which improved the grain filling and finally the yield. Application of sorghum water extract was also beneficial for improvement in crop growth and yield than the control treatment. Indeed, sorghum water extract consist of various phenolic compounds (e.g. vanillic acid, syringic acid, p-coumaric acid, ferulic acid, and p-hydroxybenzoic acid [23, 16] , which have the ability to improve the crop growth when used at low concentration as was observed in this study.
Conclusions
Application of biochar and natural water extracts improved the growth and yield of bread wheat than the control treatment. In this regard, combine application of biochar and moringa leaf extract was most beneficial for improvement in growth, yield related parameters and grain yield of bread wheat under agro-climatic conditions of Layyah, Punjab, Pakistan.
